Thorough understanding and a reliable database on existing cropping patterns, cropping intensity and crop diversity of a particular area are needed for guiding policy makers, researchers, extensionists and development workers for the planning of future research and development. During 2016 a study was accomplished over all 34 upazilas of Jessore region using pre-tested semi-structured questionnaire with a view to document the existing cropping patterns, cropping intensity and crop diversity in the region. The most dominant cropping pattern Boro−Fallow−T. Aman occupied 32.28% of net cropped area (NCA) of the region with its distribution in all upazilas. The second largest area, 5.29% of NCA, was covered by single Boro, which was spread over 24 upazilas. A total of 176 cropping patterns were identified in the whole region under the current investigation. The highest number of cropping patterns was identified 58 in Kushtia sadar upazila and the lowest was 11 in Damurhuda upazila of Chuadanga district. The lowest crop diversity index (CDI) was reported 0.852 in Narail sadar upazila followed by 0.863 in Jessore sadar upazila. The highest value of CDI was observed 0.981 in Daulatpur followed by 0.978 in Bheramara upazila of Kushtia district. The range of cropping intensity values was recorded 175−286%. The maximum value was for Sreepur of Magura district and minimum for Abhaynagar of Jessore district. As a whole the CDI of Jessore region was calculated 0.955 and the average cropping intensity at regional level was 229%.
INTRODUCTION
Cropping system is the crop production activity of a farm, which includes all cropping patterns grown on the farm resources, other household enterprises and the physical, biological, technological and socioeconomic factors or environments. A cropping pattern is the yearly sequence, temporal and partial arrangement of crops in a given land area. It is dependent on physical, historical, social, institutional and economic factors as well as government policies (Agrawal and Kassam, 1976) . The cropping pattern and the changes therein depend on a large number of factors like climate, soil type, rainfall, agricultural technology, availability of irrigation facilities and other inputs, marketing and transport facilities and growth of agroindustries (Neena, 1998; Gadge, 2003) .
The Jessore region includes the western part of the Ganges river floodplain which is predominantly highland and medium highland and it consists of 34 upazilas under seven districts. General soil types predominantly include calcareous dark grey floodplain soils and calcareous brown floodplain soils. Organic matter content in the brown ridge soils is low but higher in the dark grey soils. Soils are slightly alkaline in reaction. General fertility level is low. This region is suitable for agricultural crop production especially in cereals and vegetables. The cropping intensity is much higher than the other region of the country. The whole area holds comparatively dry weather than theother parts of the country. Low water holding capacity is an overall limitation for modern Boro rice cultivation in the region. Water stagnation is also a problem in some specific locations.
The overall agricultural development in Bangladesh conceals considerable regional differences because of farming practices, techniques, availability of irrigation facilities, attitude of the farmer etc in different parts of the country. The differences in agricultural productivity among the regions to some natural phenomena, such as, rainfall, temperature, humidity and some other agro-ecological features which are relatively less favourable in the lagging regions. Jessore region plays a vital role of Agriculture in Bangladesh. The region produces a variety of crops year-round.
The yields of cereal crops are tending to stagnation, even in favourable environments. Moreover, cultivable land area is decreasing day by day in the country. To increase the system productivity of the total environment it needs to bring diversity in enterprises for better utilization of limited resources. Diversified cropping pattern may be an option for the farmers as a coping strategy against risks (Mandal and Bezbaruah, 2013) . Typology of different cropping systems is the base for the managers of these systems to intensify production (Shriar, 2000) . There is a strong need for judicious and appropriate use of limited resources in case of intervention selection that does not lead to increased mal adaption or inequity in the society over long term. Existing trends of available agricultural lands is most essential requirement for any land use planning related to farming and food security in a sustainable manner. Therefore, an increased understanding of arable land use based on the cropping system is essential for the appropriate intervention in sustainable way. In these context, existing cropping patterns along with their diversity of such complex agricultural region are very crucial for risk minimization and overall productivity improvement. The present study was designed with the following specific objectives to:
• Understand the existing cropping patterns scenario in Jessore region
• Visualize the existing land use pattern at upazila and regional level
• Determine the crop diversity and cropping intensity at upazila, district and regional level. The index is zero for a land area growing only one crop. It approaches unity as the level of diversity increases. Compilation and processing of collected data were done using Micro Soft Excel programme. Descriptive statistics were used to facilitate the presentation of the findings. Table 1 presents the status of agricultural land utilization. The net cropped area of the Jessore region is 736,920 ha. Crops occupied the particular land for round the year were considered under annual crops. The major annual crops reported in the region were sugarcane, banana, papaya, betel leaf, ginger and turmeric. The annual crops area in different upazilas ranged from 100 to 2,330 ha. The annual crops area accounted only 4.14 % of the net cropped area (NCA) in the region. At a glance the region possesses 6% single cropped area (SCA), 52% double cropped area (DCA), 37% triple cropped area (TCA). The quadruple cropped area also exists as a very negligible portion (0.63%). The SCA was dominant in Abhaynagar and had the major share of NCA in Keshabpur of Jessore and Narail sadar upazila followed by corresponding double cropped area (DCA). Most of the upazilas were dominated by DCA. The exceptions are Manirampur of Jessore district; Mirpur, Khoksa and Bheramara of Kushtia district; Shailkupa of Jhenaidaha district and Jibannagar of Chuadanga district where triple cropped area was the dominating ones ( Table 1 ). The area that could not be defined under SCA, DCA, TCA or QCA was considered as others whose coverage is less than 1% of the NCA.
METHODOLOGY

RESULTS AND DISCUSSION
Land use
Cropping patterns of Jessore
In total 176 cropping patterns were observed in Jessore region of which nine cropping patterns with exclusive rice crop covers about 46% of the NCA. There were 47 cropping patterns with exclusive non-rice crop covering over 12% of the NCA. Rest of the NCA i.e. around 42% area is covered by 120 rice -non rice cropping patterns (Appendix 1). Table 2 presents nine cropping patterns where rice is the only crop round the year. It comprises about 46% of the NCA in the region. Among them single rice, double rice and triple riceareas represent over 5%, about 36% and about 3% respectively. It reflects the unparallel dominance of rice in the cropping systems in jessore region. In case of individual pattern Boro−Fallow−T. Aman has the highest coverage (32.28%) and was recorded in all 34 upazilas. The second dominant pattern single Boro area occupied 5.29% of NCA which was reported in 24 upazilas. Boro−Aus−T. Aman covered 2.76% area with its existence in only 15 upazilas.
Rice and non-rice crops at a glance
In the current investigation, 47 cropping patterns were identified that was free from rice. Among these 47 patterns, first 32 have been arranged in descending order in Table  3 . The rest 15 patterns with negligible area coverage ( in a sustainable manner. Diversified cropping pattern may be an option for the farmers as a coping strategy against risks (Mandal and Bezbaruah, 2013) . Typology of different cropping systems is the base for the managers of these systems to intensify production (Shriar, 2000) .
Non-rice cereal crops
Forty cropping patterns are holding different non-rice cereal crops (Table 4) . Among them wheat, with the largest area, is leading 17 patterns cultivated on 59,920 hectares that is equivalent to 8.11% of NCA. Maize holds the second position in non-rice cereal crop cultivation in Jessore region. There are 24 cropping patterns for maize, which in-together occupy 7.27% of NCA. In the documentation of non-rice cereal cropping systems wheat reported widest spreading e.g. Wheat−Jute−T. Aman is distributed over 29 upazilas out of 34. Overall, the aggregate area of the nonrice cereal cropping system stands for 15.41% of the NCA in Jessore region. In Bangladesh there is a vast market of maize seeds for feed industries. Loam and sandy-loam soil of the comparative dry area is very suitable for maize cultivation. Wheat cultivation with its better yield in this region is specially favoured by long winter season that is normally unavailable in southern parts of the country. Light textured soil with low water-holding capacity as well as less availability of irrigation water are driving forces that discourage the farmers for modern Boro cultivation. During the harvesting period of wheat the crop is privileged by clear sunshine and low humidity. All these are the factors this area is dominated by wheat-based cropping systems (FAO, 1988) .
Fibre crops
Jute is the main fibre crop in Bangladesh.
Once it is called Golden Fibre. Socially and economically jute is an important crop in the Jessore region. There are 41 cropping patterns were identified based on jute (Table 5 ). It is observed that the jute based cropping patterns covered 23.90% of NCA of the Jessore region. Among them Wheat-Jute-T. Aman cropping pattern absolutely occupies 4.11% of the NCA which is distributed over 29 upazilas out of 34 covering 30,300 hectares of land area. The an extra facility for post-harvest management of fibre and stick. Now-a-days jute-stick also has a good market value with export potential. All these make a favourable package which encourages the farmers for extensive jute cultivation in the region (FAO, 1988) .
Tobacco in cropping systems
Tobacco is the exceptional crop which is cultivated in Jessore region mainly in Kushtia district. Product of tobacco is harmful to the human. Table 6 presents nine cropping patterns that comprises 3.20% of the NCA in the region mainly of triple cropped areas. The pattern Tobacco−Jute−T. Aman has the highest coverage (1.65% of the NCA) and was recorded in eight upazilas out of 34 followed by Tobacco−Jute−Fallow. In consideration of human health and social impact the tobacco crop is discouraged on principle. However, people of the concerned area can not give up tobacco cultivation. Famers consider the crop as an insurance of his property. Industry personnel make assurance to purchase their products with high price. Moreover, they pay advance money as production cost. They supply all inputs and technologies for successful production of tobacco. These are privileges of farmers for tobacco cultivation.
Pulse crops under the cropping systems
Forty-four cropping patterns are holding different pulse crops (Table 7) . Among them lentil is covering the largest area whereas chickpea in the smallest area. Twelve cropping patterns of lentil in-together cover 8.52% of NCA. Grasspea holds the second position in pulse crop cultivation in Jessore region. There are 11 cropping patterns for grasspea covering 2.11% NCA in the region. Top three patterns viz Grasspea−Jute−Fallow, Grasspea−B.Aman and Grasspea−Jute−T. Aman in-together occupy over 0.92% of NCA. Finally the aggregate area of the pulse cropping system stands for 12.02% of the NCA in Jessore region. In some specific area of Jessore region Boro cultivation faces some constraints such as scarcity of irrigation water, very light soil with low-water holding capacity. Moreover, high market price of pulse crops is driving force for ample cultivation of pulse crops. Among the Rabi crops stresstolerant grasspea can easily be grown as relay system (FAO, 1988).
Oil-seed crops
Thirty-two cropping patterns have been arranged in descending order according to area coverage in Table 8 . Mustard is the most important one among the oil-seed crops in Jessore region. There are 17 cropping patterns had been led by mustard alone which intogether covers 55,700 ha (7.56% of NCA). The pattern Mustard−Boro−T. Aman has the highest coverage (3.07% of the NCA) and was recorded in 21 upazilas out of 34 followed by Mustard−Jute−T. Aman (1.45% of NCA).
Sporadic and distinct cropping patterns
There are some cropping patterns, which are extremely location-specific, however, with a large area coverage. These are Mustard− Boro−Jute (Table 8) , Tobacco−Sesbania−T. Aman (Table 6) 
Rare cropping patterns
In the present investigation, 40 cropping patterns have been identified as rare cropping patterns with a negligible area coverage with seldom existence (Table 9 ). These are location specific system and are limited in one or two or in some cases three upazilas of the region. Total area coverage of the 40 patterns is is far below (Table 9) .
Most dominant cropping pattern
Boro−Fallow−T. Aman was the most dominant cropping pattern in Jessore region. It covers 32.28% of NCA in the region and is available in all 34 upazilas (Table 10 ). The highest area under this cropping pattern was recorded 17,000 ha in Jessore sadar upazila which represents 7.15% of the total Boro−Fallow−T. Aman area of the region. In consideration of individual upazila Jhenaidaha sadar upazila stand on the 2 nd position for area coverage, however, this upazila has allocated biggest share i.e. 58% of its NCA for this pattern alone. Bheramera upazila had a negligible area coverage for this pattern. In the country-wide data compilation it was observed that Boro−F−T. Aman was the most dominant cropping pattern in Bangladesh covering 2.31 million ha (27% of NCA in the country) with its distribution in 426 upazilas of 63 districts .
Second dominant cropping pattern
Single Boro cropping pattern holds the second largest area coverage 39,010 ha in Jessore region. This area is an equivalent to 5.29% of NCA in the region. This pattern Boro−Fallow− Fallow is distributed over only 24 upazilas (Table 11) . Abhaynagar has an area of 7,800 ha for single Boro which stands for 19.99% of the total area under this pattern in the region. Jessore sadar had a negligible area coverage for this pattern. This pattern is frequent and concurrently experienced by early flash flood in April and cold injury at reproductive stage. Diversified cropping pattern may be resort for the farmer as a coping strategy with flood related risk (Mandal and Bezbaruah, 2013) but scope of diversification is limited due to environmental and climatic condition (FAO, 1988) . In the country-wide data compilation it was observed that the single Boro was the 2 nd dominant cropping pattern in Bangladesh covering 1.14 million ha (13% of NCA in the country) with its distribution in 342 upazilas of 59 districts .
Third dominant cropping pattern
The third dominant cropping pattern in Jessore region is Wheat-Jute-T. Aman. It belongs to 4.11% of NCA of the region and spread out over 29 upazilas (Table 12 ). Shailkupa upazila of Jhenaidaha district hold the highest area (3,500 ha) which represents 11.55% of the total WheatJute-T. Aman area of the region. Sreepur stands in the third position, however, this upazila of Magura district has allocated the biggest share i.e. 21% surface of its NCA. In the countrywide compilation of data it was observed that Wheat−Jute−T. Aman was the 9 th dominant cropping pattern in Bangladesh covering 1.47 lac ha (1.72% of NCA in the country) with its distribution in 216 upazilas of 43 districts . (Table 13 ). This pattern is distributed over 23 upazilas where Magura sadar ranked in top position. This upazila has 4,400 ha area Lentil−Jute−T. Aman which is only 15.71% of upazila NCA. Mohammadpur upazila ranks in second position with 2,700 ha area for this pattern, however, this upazila has allotted the biggest share (17.31%) of its NCA.
Fifth dominant cropping pattern
Fifth dominant cropping pattern MustardBoro−T. Aman had been covering 22,600 hectares representing 3.07% share of NCA in Jessore region (Table 14) . This pattern is distributed over 21 upazilas where Magura sadar ranked in top position. This upazila had 3,500 ha area for Mustard-Boro−T. Aman pattern which is only 12.50% of upazila NCA and 15.49 % of total Mustard−Boro−T. Aman area in the region.
Crop diversity and cropping intensity
Higher number of available crops under cultivation in an area dictates its higher (Table 15) . The lowest number of cropping patterns was identified 11 in Damurhuda followed by 12 in Jibannagar of Chuadanga district. The higher number of cropping patterns is generally related to higher level of diversity indices for cropping pattern. The lowest diversity index for cropping pattern was recorded 0.649 in Jhenaidaha sadar followed by 0.661 in Narail sadar. Lower diversity index for crops and cropping patterns is associated with water stagnation. In a study Shahidullah et al. (2006) found the lowest values for all the diversity and intensity parameters in salt affected area of greater Noakhali. The highest value of diversity index for cropping pattern was found 0.954 in Daulatpur upazila that was followed by 0.938 in Bheramara upazila. The lowest CDI was reported 0.852 in Narail sadar followed by 0.863 in Jessore sadar. The highest value of CDI was observed 0.981 in Daulatpur followed by 0.978 in Bheramara upazila. The range of cropping intensity values was recorded 168-271%. The maximum value was for Sreepur of Magura district and minimum for Abhaynagar of Jessore district. As a whole the CDI of Jessore region was calculated 0.955 and the average cropping intensity at regional level was 229%.
In a simultaneous study, the investigators identified 316 cropping patterns for whole Bangladesh; where the CDI value was 0.952 at national level and the national average of cropping intensity was 200% . Diversification of crops helps risk reduction as diversification allows a producer to balance low price in one or two crops with reasonable prices in other (Blade and Slinkard, 2002). The farmers of Kerala diversified their cropping pattern to minimize risk from due to crop failures and price fluctuations (Mahesh, 1999) .
COCLUSION
The cropping intensity of the Jessore region was higher than the national average. Boro− Fallow−T. Aman, Single Boro, Wheat-Jute-T. Aman, Lentil-Jute-T. Aman and MustardBoro−T. Aman were the dominant cropping patterns in the region. Exclusive rice area is about four folds of exclusive non-rice area. In Jessore region crop diversity is much wider than that of other regions. Based on the findings of the study, the following recommendations were made.
• Initiative to be taken to increase productivity of exclusive rice based cropping pattern. The high yielding varieties of rice along with recommended crop management packages to be adopted.
• Effort might be invested so that a portion of double-rice area could be brought under Potato-Boro-T. Aman and/or other alternative three cropping systems. • In the single Boro area suitable vegetables might be grown on floating bed system in wet season.
• The upazilas having unique or exceptional cropping patterns with large area coverage might be studied in-depth to extrapolate to similar environments. 
